Background/Objectives: There are abundant data on secular trends in the body mass index (BMI) of children. However, BMI is an imperfect index of fatness, whereas skinfold thicknesses provide a more direct measure. This study aims to meta-analyse historical studies of triceps and subscapular skinfold thicknesses in young people aged 0-18 years in developed countries. Subjects/Methods: A total of 154 studies conducted between 1951 and 2003 were analysed, covering 2390 reports at the age Â sex Â country level, and more than 458 547 young people from 30 developed countries. Percentage body fat (% BF) was estimated using the Slaughter equations. The distribution of fat on the body was indexed by the triceps/subscapular (T/S) ratio. The skewness of skinfold distributions was operationalized by the coefficient of variation and the meanÀmedian difference. Results: There have been increases in triceps and subscapular skinfold thicknesses, at the rate of 0.4-0.5 mm per decade over the period . % BF has been increasing at the rate of 0.9% BF per decade. The distribution of fat on the body, as indexed by the triceps/subscapular (T/S) ratio, has become more central. There has been an increasing positive skew in the distribution of subcutaneous fat thickness in the population. Conclusions: These trends describe very unfavourable changes in the body composition of young people, foreshadowing a potential increase in the incidence of cardiovascular and metabolic disease.
Introduction
Skinfolds were first taken on young people by Neumann (1912) , when he measured the abdominal skinfolds of about 150 4-17 year olds. Skinfold sites at that time had not been standardized, nor had the measurement instruments, with both metal and wooden calipers being used with variable designs and applied pressures. Batkin (1915) used a much wider variety of sites-including three corresponding reasonably close to the modern triceps, subscapular and medial calf-in measuring skinfolds in 200 children in various states of health in 1915. Although the absolute thicknesses recorded by these early investigators are rarely comparable with modern values, the reported coefficients of variation (typically 20-30%) (Kornfeld and Schuller, 1930) are about half as large as those found today, probably a reflection of more homogeneous samples and lower levels of obesity.
From the early 1930s through to the 1950s, very few skinfold data were collected. After the war, the development of standardized calipers such as the Harpenden (Edwards et al., 1955), coupled with renewed concern about nutritional status in the context of wartime and post-war shortages, led to a revival of interest in skinfolds. In 1954 and 1955, a multicentre project was launched by Falkner with the aim of conducting comprehensive measurements on children in Zurich (Prader et al., 1989) . There were national and large regional surveys in Canada (Pett and Ogilvie, 1957) , the UK (Tanner and Whitehouse, 1962) and dozens of local studies.
Although there is an abundance of data on secular trends in the body mass index (BMI) of children, BMI provides only an imperfect metric of fatness, and does not characterize fat distribution. Skinfolds can be measured accurately and reliably by trained anthropometrists. The aim of this study was to gather existing data on skinfold thicknesses in young people in developed countries to describe secular trends across the developed world. The specific questions addressed in this study were:
What has been the magnitude of secular changes in skinfold thicknesses, and in estimated percentage body fat (% BF) derived from skinfold measurements, in young people from developed countries? Have there been secular changes in the ratio of peripheral to central subcutaneous fat? Have there been changes in the distribution of skinfold thickness values across the population?
Subjects and methods

Inclusion criteria for studies
Candidate studies were those reporting mean or median values for triceps or subscapular skinfold thicknesses, measured by calipers, in young people ('young people' or 'children' are defined here as anyone under 19 years of age). These two sites were selected because of consistency in site definition, which is a major source of error in skinfold measurement (Ruiz et al., 1971), because they are easy to locate and measure, have been used in a number of very large surveys and are inputs into the Slaughter equations (Slaughter et al., 1988), which estimate % BF. Only data from developed countries, defined as those classified by the World Bank as being 'high income' or 'upper middle income', were included (for classifications, see http://web.worldbank.org, accessed August 2007).
In terms of sampling frames and methodologies, the approach was quite promiscuous. No restriction was applied to caliper types, measurement sites (including left-or righthand side), sampling frames and methodologies. Only studies showing obvious biases (for example, sportspeople, anorexics and the obese) were excluded. Searches were initially conducted through online databases (MedLine, ScienceDirect and SportsDiscus) using combinations of the following keywords: triceps, subscapular, skinfold, child*, youth, adolescen*. However, most studies were uncovered by 'snowballing' references in published articles and through consultation with anthropometrists around the world, many of whom provided raw data. Studies in all languages were considered. Where data were reported on more than one occasion from the same study, the most inclusive data set was retained. However, the provenance of data was not always clear, so some duplication may have occurred.
A total of 154 studies with usable data were located, which included data on more than 458 547 young people (some studies did not report sample sizes). Of these, raw data were available from 12 studies (n ¼ 55 849), and the remaining studies provided summary data only (means, standard deviations and/or percentiles). Most of the data came from the USA (122 540 young people), the UK (94 762), Australia (37 494) and Canada (15 359 ). Data were also available from Argentina, Bahrain, Belgium, the Czech Republic, Estonia, Finland, France, Germany, Greece, Hong Kong, Ireland, Italy, Japan, the Netherlands, New Zealand, Poland, Portugal, Russia, South Africa, Spain, Slovakia, South Africa, Sweden, Switzerland, Taiwan, Turkey and the United Arab Emirates. The earliest data were from 1951 and the most recent data were from 2003. The data set included 2390 reports at the age Â sex Â country level (for example, 10-year-old Australian boys). A list of the final studies selected is shown in Appendix.
Data treatment
The chief response variables of interest in this study were: triceps and subscapular skinfold thicknesses; estimated % BF; the triceps/subscapular ratio (T/S), an index of fat distribution; the coefficient of variation (CV) for skinfold thicknesses, an index of distributional scatter and the difference between the mean and median skinfold thicknesses (expressed as a percentage of the average of the mean and median thicknesses), an index of distributional skewness.
Some studies reported mean values and others reported median values. To simplify the analysis, median values were estimated for all studies. To do this, median values were regressed against mean values using data from studies where both median and mean values were reported at the age Â sex Â country level. For both skinfolds, there were very strong linear relationships between mean and median values (triceps: r ¼ 0.97, Po0.0001, n ¼ 807, age Â sex Â country slices, standard error of estimate (s.e.e.) ¼ 0.79 mm; subscapular: r ¼ 0.92, Po0.0001, n ¼ 652, age Â sex Â country slices, s.e.e. ¼ 1.14 mm). All skinfold thicknesses were then analysed as either reported or estimated median values.
Estimated group median % BF at the age Â sex Â country level was calculated according to the process shown in Figure 1 . If the study reported median % BF values estimated by the Slaughter equations, these were used. Where raw data were available, % BF at the age Â sex Â country level was estimated by calculating % BF for all individuals and calculating the median value. Where median values for skinfolds were available at the age Â sex Â country level in the absence of raw data, they were entered into the Slaughter equations to estimate the group median. When values calculated in this manner were compared with values calculated on the basis of individual data for those data sets where raw data were available, there was a close agreement (mean (s.d.) difference ¼ 0.05 (0.40) % BF). Where only mean skinfold values were reported, they were used to estimate median values, which where then entered into the Slaughter equations. When values calculated in this manner were compared to values calculated from individual data, the mean (s.d.) difference was 0.45 (0.99)% BF. These indirect methods therefore yielded values very similar to those calculated directly from individual skinfold data. Estimated % BF could only be calculated for children aged 8 years and above, which is the validated age range for the Slaughter equations.
All response variables were adjusted for age (and for sex in the case of skinfold thicknesses and % BF). This was carried out by fitting third-order polynomials to the regression of the response variables on age, and working with the residuals in further analyses. Where measurements occurred over a range of years (for example, 1965-1967), the mid-point was used (in this case 1966.5, that is, half-way between 1965.0 and 1967.99). Age was expressed as age at last birthday. Where average ages were not stated, it was assumed that children reported as, for example, 12 years old, were on average 12.5 years old. Where data were reported for a range of ages, the midpoint age was used.
Data analysis Secular trends were calculated by plotting the age-and sex-adjusted residuals of the response variables against year of measurement using linear least-squares regression. Regressions were not sample-weighted. Lowess curves (tension ¼ 66) were used to visualize secular trends in skinfold thicknesses and estimated % BF.
Results
Skinfold thicknesses
Age-and sex-adjusted triceps skinfold thicknesses increased over the five-decade period at an average rate of 0.49 (95% confidence limits 0.43-0.56) mm per decade (r ¼ 0.31, n ¼ 2326, age Â sex Â country slices, Po0.0001). Subscapular skinfold thickness increased at 0.38 (0.33-0.42) mm per decade (r ¼ 0.35, n ¼ 2326, age Â sex Â country slices, Po0.0001). Rates of change were similar for boys and girls, but were greatest in the peripubertal age group (10-14 years). Figure 2 shows the trends in triceps skinfold thickness. The rate of increase becomes markedly steeper after about 1980.
Estimated % BF Age-and sex-adjusted % BF increased over the 50-year period at an average rate of 0.86 (0.76-0.96) % BF per decade (r ¼ 0.41, n ¼ 1366, age Â sex Â country slices, Po0.0001). Rates of increase were greater for boys (1.0 % BF per decade) than for girls (0.7 % BF per decade). Rates of change were greatest in the peripubertal age group (10-14 years). Figure 3 shows the historical trends in estimated % BF. There is a clear breakpoint in the rate of increase around 1985.
Triceps/subscapular ratios Age-and sex-adjusted T/S ratio decreased significantly from 1.50 in 1952 to 1.38 in 2002, at the rate of 0.022 (0.14-0.33) per decade (r ¼ 0.12, n ¼ 1807, age Â sex Â country slices, 
Coefficients of variation and meanÀmedian differences
The age-adjusted CV for the triceps skinfold has been increasing at the rate of 2.4 (1.9-2.8)% per decade (r ¼ 0.28, n ¼ 1336, age Â sex Â country slices, Po0.0001), from 31% in 1950 to 44% in 2002. There has been a more rapid change in the CV for the subscapular skinfold, which has increased at a rate of 5.2 (4.5-5.9)% per decade (r ¼ 0.39, n ¼ 1111, age Â sex Â country slices, Po0.0001). At the same time, age-adjusted meanÀmedian differences have been increasing. For the triceps skinfold, the difference has increased at the rate of 0.12 (0.08-0.16) mm per decade (r ¼ 0.24, n ¼ 807, age Â sex Â country slices, Po0.0001). For the subscapular skinfold, the meanÀmedian difference has increased at the rate of 0.23 (0.17-0.29) mm per decade (r ¼ 0.29, n ¼ 652, age Â sex Â country slices, Po0.0001).
Discussion
The analysis of this very large and diverse data set shows consistent nonlinear increases in both triceps and subscapular skinfold thicknesses and estimated % BF. These results are in agreement with other analyses based on BMI (JacksonLeach and Lobstein, 2006), which show nonlinear increases in the prevalence of overweight and obesity. Although there are a number of issues surrounding the use of BMI as a surrogate for body fatness at the individual level, the International Obesity Task Force Childhood Obesity Working Group accepted BMI as a consistent, pragmatic index of adiposity in the paediatric population (Bellizzi and Dietz, 1999). However, skinfolds yield additional information about changes in the distribution of body fat (for example, T/S ratio). They also provide better information about body composition changes, which may be obscured by BMI. For example, the combination of dieting and lack of exercise may result in some adolescent girls having relatively low BMIs but high levels of body fat. Secular trends in dieting behaviour may therefore obscure trends in body composition if BMI is used as a metric. Increases in fat-free mass may also be misinterpreted as increases in fatness. The use of skinfolds in conjunction with equations to estimate % BF allows us to partition the relative contribution of fat and fatfree mass components to a secular increase. Using the current data set, the average (age-and sex-adjusted) increase in body mass was 1.4 kg per decade. Of this, increases in fat mass represented 0.8 kg, and increases in fat-free mass represented 0.6 kg.
Skinfold thicknesses
There have been significant increases in skinfold thicknesses over the last five decades, supporting findings from others studies (Ross et al., 1987; Chinn and Rona, 1994 Rates of increase of estimated % BF, as for skinfold thicknesses, were greatest in the peripubertal years. This may partly be due to the earlier onset of sexual maturation, which declines by about 3-4 months per decade in girls and somewhat more slowly in boys (Tanner, 1978, p 143) . This would mean that the 'pre-pubertal fat wave', a rapid increase in body fat prior to the adolescent growth spurt (Tanner, 1978, pp 17-19) , would come earlier, exacerbating the apparent increase in fatness in pre-pubertal children. It 
Strengths and limitations
This study has analysed the largest skinfold data set yet assembled, and is the first to examine worldwide trends in skinfold thicknesses in young people. However, the different methodologies used to measure skinfold thicknesses (slightly different site locations, different types of calipers, use of right vs left side of the body, single vs multiple measurements, different degrees of anthropometric training and so on) will increase variability, as will the variety of sampling frames adopted. Different caliper types may yield slightly different results (Lohman and Pollock, 1981), as may the use of anthropometrists with varying levels of training. Measurement sites varied only slightly, but sometimes the left instead of the right-hand side of the body was used. Most studies fail to find systematic differences between skinfold thicknesses on the right-and left-hand sides of the body (Martorell et al., 1988) . Although this inclusive strategy will increase variability, it will not bias trend estimates unless there is systematic, time-related variability in the methodologies, which also impacts on the measured skinfold thicknesses.
The equations used to estimate % BF have been developed on a relatively restricted sample, which did not include Asians. The Slaughter equations use different algorithms for Caucasians and Afro-Americans. The Afro-American algorithm was used for data on black Africans in general, whereas Afro-Americans are mainly of West African extraction. In multi-ethnic groups, the algorithm that best described the numerically dominant ethnic group was used. These assumptions will entail some error, but it seemed preferable to use a single set of equations, given the widely divergent results when applying different equations to the same individuals (Norton, 1996) .
Conclusions
The overall picture that emerges from this analysis is of a global population of young people in developed countriesparticularly boys and peripubertal children-who are becoming increasingly fat on average. The number of very fat individuals is probably increasing, and/or their level of fatness is increasing. The distribution of fat on the bodies of young people is showing a relative shift towards central depots. This is the worst possible combination of changes in terms of the potential for later metabolic and cardiovascular disease. 
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